
7-ak-fPdd 4 . %- \+; u 
c / 

. 

1 

N A T I O N A L  AERONAUTICS AND SPACE A D M I N I S T R A T I O N  I 

'k October 12, 1967 f l  
MSC INTERNAL NOTE NO. 67-FM-152 

0n30fm 
TECHXICfi LIBum 

I 
\ * BZI,LCO?U& WJ 

866 Z t E d s n t  plaza IWPM §.-#:J 
vaaiagton, D- eo A 

THREE-WAY DOPPLER TRACKING 
RESULTS FOR USE IN THE 

PRELIMINARY DISPERSION ANALYSIS 
OF THE LUNAR LANDING MISSION 

............... +:.:.:.:.:.> 
'mmm.mDm9mm.mmm ,......m.......m By Joe W. N o l l e y  
~'.mmmmmmmmg.D.m 
~mmm.mmgmmfm*.m ................ 
I:*:m:m:m>:m:*: 
~ m m . m m m m  
am.*mm.~mmmmmm.' . . m . . m m e  

. . m a m . . e  

~*.*.~a*m~.~am.' 

e m * . e . a a  

G u i d a n c e  ahd P e r f o r m a n c e  B g . r n 9 -  ._ 

........ ........ ........ ........ 
........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ....... I ........ ....... ........ ....... ........ ....... 

. e e e a m e a  

........ ....... M I S S I O N  P L A N N I N G  A N D  ANALYSIS  D I V I S I O N  

M A N N E D  S P A C E C R A F T  C E N T E R  
HOUSTON, T E X A S  

. . . . . . . .  . . . . . .  . . . . . .  . . . . .  . . . . .  .-: (NASA-TM-X-69749) THREE-WAY DOPPLER N74-706 

.:.:.:.:.:.:~TRACKXNG R E S U L T S  FOR USE IN THE 

. . . . .  : : P R E L I H I N B R Y  C I S P E R S I O N  ANALYSIS OF THE 
. . . . .  . ' L U N A R  LANDING MISbION (NASA)  11 p U n c l a s  

. . . . .  . . . . . .  . . . . . .  . . . . . .  
00/99 16244 



. 

MSC INTERNAL NOTE NO. 67-FM-152 

PROJECT APOLLO 

THREE-WAY DOPPLER TRACKING RESULTS 
FOR USE IN THE PRELIMINARY DISPERSION 
ANALYSIS OF THE LUNAR LANDING MISSION 

By Joe W. Nolley 
Guidance and Performance Branch 

October 12, 1967 

MISSION PLANNING AND ANALYSIS DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNEDSPACECRAFTCENTER 
HOUSTON, TEXAS 

Guidance and Performance Branch 

Approved: 

MissioM Planning and Analysis Division 



THREE-WAY DOPPLER TRACKING RESULTS FOR USE I N  THE 

r 
Master S ta t ions  Slave S ta t ions  

Madrid Ascension, Bermuda 

Goldstone H a w a i i ,  Grand Bahama 
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PRELIMINARY DISPERSION ANALYSIS OF THE LUNAR LANDING MISSION 

By Joe W .  Nolley 

SUMMARY AND INTRODUCTION 

The t r ack ing  results calculated for use i n  t h e  f i r s t  preliminary 
d ispers ion  ana lys i s  for t h e  lunar landing mission a r e  presented i n  
t h i s  paper.  Only t h e  CSM a c t i v i t i e s  f o r  t h e  t r ans luna r  and t r a n s e a r t h  
por t ions  of t h e  mission were analyzed. 

Since the  3-way Doppler t racking capab i l i t y  had not previously 
been checked out i n  the  program used (i  .e. , t h e  Tracking Accuracy 
Predic t ion  Program (TAPP I V ) ;  see r e f .  1) , t he  Mathematical Physics 
Branch (MPB) spec i f i ed  t h a t  t h e  t rans lunar  and t r ansea r th  phases 
be simulated using only 3-way Doppler information. The model 
used i n  t h i s  s tudy,  t he re fo re ,  i s  not t h e  one cur ren t ly  planned 
for t h e  lunar  landing mission , but i s  conservat ively representa t ive .  

The MPB has agreed t o  the  va l id i ty  of t h e  da t a  presented. 
M r .  L. K. Paul and M r .  V. G .  Schock of TRW Systems helped acquire  
and compile t h i s  da ta .  

The c ross  co r re l a t ion  e f fec ts  were a l s o  ca lcu la ted  and may be 
obtained from t he  author.  

ANALYSIS 

Tracking Model 
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Tracking "overlaps" were eliminated by s p l i t t i n g  t h e  overlap 
t i m e  between two master s t a t i o n s .  The only t r ack ing  d a t a  simulated 
w a s  range rate,  which w a s  sampled every 60 seconds. 
unce r t a in t i e s  ( longi tude ,  l a t i t u d e ,  and a l t i t u d e )  were co r re l a t ed  
on a pass-to-pass basis; da t a  biases  were not co r re l a t ed .  A reduced 
value w a s  used i n  modeling t h e  da ta  b i a s  e r r o r s  under t h e  assumption 
t h a t  three-way biases would be computed during real t i m e .  No a p r i o r i  
t r ack ing  knowledge w a s  assumed a f t e r  a maneuver w a s  executed. 

S t a t i o n  loca t ion  

A per iod of free f l i g h t  preceded each of t h e  following events ,  
and uncerta . int ies  were ca lcu la ted  j u s t  before  each using t h e  t racking  
during t h e  f r ee - f l j~gh t  per iod  : 

1. The f i rs t  midcourse correct ion 

2. The second midcourse correct ion 

3. The LO1 burn 

4. The TEI burn 

5. The t h i r d  midcourse correct ion 

6. The four th  midcourse correct ion 

Tracking s t a r t e d  immediately following an event and w a s  stopped 
approximately 1 hour before a maneuver execution except for t h e  first 
midcourse cor rec t ion  and t h e  TEI burn. In these  two cases it 
stopped 30 and 50 minutes , respec t ive ly ,  before  t h e  events.  I n  no 
case w a s  t rack ing  simulated when the e l eva t ion  angle from t h e  l o c a l  
ho r i zon ta l  w a s  less than 5'. 

Table I l is ts  s ta r t ,  s top ,  and e lapsed  t r ack ing  times f o r  each 
of t h e  m a s t e r  s t a t i o n s  f o r  t h e  above events .  The t i m e  i s  measured 
from t r ans luna r  i n j e c t i o n .  

Generation of  Data 

The TAPP I V  program w a s  used t o  generate  the  normal matr ices  
of t h e  devia t ion  i n  t racking  due t o  e r r o r  i n  t h e  s t a t i o n  loca t ion  

.based  on the  lunar  landing mission prel iminary reference t r n j e c t o r y  
( r e f .  2 ) .  
t r ack ing  during t h e  mission. Three TAPP I V  tapes  were required f o r  
t h e  complete ana lys i s .  A s e r i e s  of programs c a l l e d  FASTAP I ,  11, and 
I11 sequence, e d i t ,  and merge t h e  d a t a  necessary t o  provide a quick look 

A t a p e  w a s  generated f o r  each master s t a t i o n  and i t s  slaves 
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at navigat ion r e s u l t s  and provide input i n t o  t h e  ana ly t i c  prop boxes 
(which simulate t h e  mission segments) of t h e  Monte Carlo Dispersion 
Analysis Program, TAPP V I ,  ( r e f .  3). This tape  w a s  then  used as input  
t o  t h e  FASTAP I1 program, which generated the  TAPP V I  input  tape  con- 
t a i n i n g  t h e  f r ee - f l i gh t  and powered-flight matrices necessary t o  run 
the  complete luna r  landing mission preliminary d ispers ion  ana lys i s  and 
which a l s o  provided a tape  f o r  FASTAP 111. The FASTAP I11 program w a s  
then used t o  compute the  s t a t i s t i c s  needed t o  represent  t h e  navigat ion 
model. The r e s u l t s  given a r e  those obtained from t h e  FASTAP I11 pro- 
gram. 

The uncer ta in ty  i n  t h e  CSM s t a t e  vec tor  considers  t he  noisy 
t racking ,  t h e  dynamic systematic e r ro r s  (unce r t a in ty  i n  the e a r t h ' s  
g r a v i t a t i o n a l  constant  and t h e  moon's g r a v i t a t i o n a l  cons tan t )  and t h e  
nondynamic systematic  e r r o r s  ( t racking s t a t i o n  loca t ion  unce r t a in t i e s  
and t r ack ing  biases). 

RESULTS AND CONCLUDING REMARKS 

The 3u unce r t a in t i e s  i n  t h e  CSM state vector  a r e  presented f o r  
t h ree  coordinate  systems - t h e  XYZ earth-centered i n e r t i a l  system, a 
sphe r i ca l  system, and a UVW system. I n  t h e  UVW system, U i s  i n  t h e  
r a d i a l  d i r e c t i o n ,  V i s  downrange, and W i s  crossrange. 

The 3u unce r t a in t i e s  f o r  pos i t ion  and ve loc i ty  i n  t h e  UVW and 
ECI coordinate  systems are tabulated i n  t a b l e s  I1 and 111, respec t ive ly .  
The 3a uncer ta in ty  i n  spher ica l  coordinates are tabula ted  i n  table I V .  

The model used i n  t h i s  study will not be used f o r  t h e  lunar  
landing mission, but  it w i l l  be used f o r  t h e  preliminary d ispers ion  
ana lys i s .  
unce r t a in t i e s  presented a r e  conservatively representa t ive .  

Since only 3-way Doppler information w a s  used, t h e  



TABLE I.- TRACKING FOR MA.NELTvERS DURING THE TRANSLUNAR 

AND TRANSEARTH PHASES OF THE LUNAR LANDING MISSION 

Master t r ack ing  
s t a t i o n  

start, 
hr:min:sec 
from TLI 

Stop Y 

hr:min:sec 
f r o m  TLI 

I n t e r v a l  
hr:min:sec Event 

Goldstone 2: 30: 00 1: 28: 20 Midcourse l a  1:01:40 

3 : 03 : 20 
9:30:20 
16 : 11 : 40 
26: 12: 40 
33: 51: 40 
40: 45 : 40 
50 : 26: 10 
58: 12: 20 

Goldstone 
Canberra 
Madrid 
Goldstone 
Canberra 
Madrid 
Golds tone 
Canberra 

6: 27 : 00 
6: 41: 20 
10: 01 : 00 
7: 39: 00 
6:54:00 
9:40:30 
7:46:10 
1:47:32 

Midcourse 2b 9: 30: 20 
16:11:40 
26:12:40 
33: 51: 40 
40:45 : 40 
50: 26: 10 
58 :12: 20 
59:59:52 

64: 58: 40 
73:09:05 

Canberra 
Madrid 

61:oo:oo 
64:58:40 

3: 58: 40 
8 : 10: 25 

LO1 Burnb 

~ 

Canberra 
Canberra 
Canberra 
Canberra 
Madrid 
Madrid 

108 : 14 : 49 
109 : 10 : 49 
111 : 12 : 49 
113 : 14 : 49 
113:53:09 
115 : 15 : 29 

108 : 24 : 49 
110 : 27 : 49 
112 : 29 : 49 
113: 53: 09 
114 : 31 : 29 
116 : 14 : 49 

10 : 00 
1: 17 : 00 
1: 17 : 00 
38 : 20 
38 : 20 
59 : 20 

TEI BurnC 
(Tracking 
around moon) 

Madrid 
Goldstone 

123 : 39 : 18 
130 : 48 : 00 

6: 32: 30 
7 : 08: 42 

Midcourse 3 b 117: 06: 48 
123: 39 : 18 

131 : 48 : 20 
137 : 38 : 08 
147 : 41 : 08 
155: 34: 08 
161 : 37 : 38 
171 : 50 : 08 
179:51:38 
185 : 45 : 08 

Canberra 
Madrid 
Goldstone 
Canberra 
Madrid 
Goldstone 
Canberra 
Madrid 

137 : 38 : 08 
147 : 41 : 08 
155 :34: 08 
161: 37 : 38 
~71: 50 : 08 
179:51:38 
185 : 41 : 08 
194 : 49 : 04 

5: 49: 48 
10: 03: 00 
7: 53: 00 
6:03:30 
10 :12 : 30 
8: 01 : 30 
5: 49 : 30 
9 : 07 : 56 

Midcourse 4b 

Tracking stopped 30 minutes before t h e  maneuver. a 

bTracking stopped 1 hour before t h e  maneuver. 

‘Tracking stopped 50 minutes before t h e  maneuver. 
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